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(54) Title: DISPERSION SHIFTED OPTICAL FIBER HAVING TRIPLE CLAD 

(57) Abstract 

The present invention is related to a dis- 
persion-shifted optical fiber having triple clad, 
which is suitable for use in wavelength divi- 
sion multiplexing system, wherein the optical 
fiber has a relatively low dispersion at the wave- 
length of 1550 nm. the effective area of 60 /im^ 
and small bending loss. The optical fiber ac- 
cording to the present invention includes a core, 
an inner clad surrounding the core and a silica 
clad surrounding the inner clad. The core con- 
sists of a first core having a refractive index (n 1 ) 
and a second core having a refractive index (n2) 
smaller than that (nl) of the first core. The in- 
ner clad consists of a first inner clad having a 
refractive index (n3) smaller than that (n2) of 
the second core and a second inner clad having 
a refractive index (n4) smaller than that of the 
second inner clad (n3). The silica clad surrounds 
the inner clad and has a refractive index (nsiuca) 
smaller than that (n4) of the second inner clad. 
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DISPERSION SHIFTED OPTICAL FIBER 
HAVING TRIPLE CLAD 

Technical Field 

The present invention relates to a dispersion shifted optical fiber 
and, more specifically, relates to a dispersion shifted optical fiber 
having triple clad which is suitable for the use in wavelength division 
multiplexing system. In addition, the present invention relates to the 
dispersion shifted optical fiber which has a low dispersion at a 
wavelength of 1 550nra, and an effective area of 60)am^ or more without 
degradation in bending performance. 

Background Art 

The introduction of an optical amplifier in the field of optical 
communication system makes it possible for a wavelength division 
multiplexing method to be available. The wavelength division 
multiplexing method contributes to the increased transmission capacity 
but causes undesirable non-linear effects that have serious influence on 
transmission characteristics of the optical fiber. The non-linear effects 
results from a high power density, i.e., a high power per unit area. 
Thus, it is possible to reduce the non-linear effects by increasing an 
effective area of the optical fiber. The increase of the effective area, 
however, results in the increase of the undesirable bending loss. As 
such, a new design of the optical fiber has been requested which 
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properly controls both optical characteristics, i.e., the effective area and 
the bending loss. 

Among non-linear effect, four wave mixing creates light having 
a new wavelength from the interference between lights having different 
wavelengths, thereby causing the distortion of light signal. The four 
wave mixing occurs at wavelength where the dispersion is zero, i.e., 
when lights are in-phase with each other. Thus, if the optical fiber has 
the low dispersion within erbium-doped fiber amplifier ("EDFA") gain 
band, the four wave mixing does not occur. 

The conventional design of the optical fiber is that a clad having 
a relatively low refractive index surrounds a core having a relatively 
high refractive index. Each portion has a larger refractive index than 
that of pure silica clad by doping a germania thereto. Such design of 
the optical fiber is disclosed in United States Patent Nos. 5,559,921 and 
5,327,516. 

The above-mentioned design of the optical fiber makes it 
possible to obtain the relatively low dispersion at the wavelength of 
1550 nm by adjusting radius and the refractive index of the core. Due 
to the dispersion, the resultant optical fiber can suppress the four wave 
mixing. However, the optical fiber having this design has a problem 
caused from the large refractive index difference between the core and 
the clad: the light concentrates on the core because of the large index 
difference, and, therefore, the optical fiber can accomplish the 
decreased bending loss but has the decreased effective area. 
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Alternatively, there has been a conventional optical fiber design 
that includes various portions having different radii and refractive 
indices one another. For example, if the optical fiber design includes 
three portions, at least one of three portions has a refractive index 
smaller than or equal to that of pure silica clad and other two portions 
have refractive indices equal to or larger than that of pure silica clad. 
Germania is doped into the portions having large refractive indices, 
whereas Fluoride is doped into the portion with small refractive index. 
Such design is disclosed in United States Patent Nos. 5,748,824 and 
4,852,968. 

Such optical fiber design makes it possible for the resultant 
optical fiber to obtain the low dispersion at the wavelength of 1550 nm 
by adjustmg refractive indices and radii of the various portions in tlie 
optical fiber. As a result, the optical fiber does not suffer from the four 
wave mixing. The above-mentioned optical fiber structure is designed 
that the refractive index of each portion is repeatedly increased or 
decreased in reference to the refractive index of the silica clad. Such 
distribution of the refractive index results in increasing the effective 
area and, at the same time, causes the bending loss to increase because 
the light spreads through various portions. Thus, the above-mentioned 
optical fiber can provide the large effective area but still has a problem 
of the increased bending loss. 

Summai-\ of Invention 
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In order to solve the above-mentioned problems in the prior art, 
the present invention provides an optical fiber havmg triple clad, which 
IS suitable for the use in the wavelength division multiplexing system 
that is served by erbium-doped fiber amplifier. 

5 

It is an object of the present invention to provide the optical fiber 
that has a relatively low dispersion at the wavelength of 1 550 nm to 
suppress the four wave mixing. 

10 In addition, it is the object of the present mvention to provide the 

optical fiber that has an effective area equal to or larger than 60yim^ 
along with the decreased bending loss. 

Disclosure of Invention 

15 

In order to accomplish the above-mentioned object, the present 
invention provides a dispersion shifted optical fiber having triple clad, 
which comprises: a polygonal core having a predetermined refractive 

20 index (ncorc); an inner clad that surrounds the core and has a refractive 
index (nei,d) which is smaller than that of the core (Ucore); and, a silica 
clad surrounding the inner clad and having a refractive index (nsiiic^; 
wherein the core comprises: a first core having a refractive index (nl) 
that is uniform over its radius (al); and a second core surrounding the 

2-^ first core and having a refractive index (n2) that is gradually decreased 
over Its radius (a2); and, the inner clad comprises: a first inner clad 
surrounding the second core and having a refractive index (n3) that is 
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uniform over its radius (a3) and a second inner clad surrounding the 
first inner clad and having a refractive index (n4) that is uniform over 
its radius (a4); and, wherein the refractive indices of the first and 
second cores, the first and second clads, and the silica clad satisfy a 
5 relationship of nl>n2>n3>n4>nsiiica. 

According to other aspect, the present invention provides a 
dispersion shifted optical fiber having triple clad, which comprises: a 
polygonal core having a predetermined reft-active index (ncore); an inner 

10 clad that surrounds the core and has a refractive index (nciad) which is 
smaller than that of the core (ncore); and, a silica clad surrounding the 
inner clad and having a refractive index (nsiiica); wherein the core 
comprises; a first core having a refractive index (nl) that is gradually 
increased from an initial refractive index (nO) over its radius (al ); and a 

15 second core surrounding the first core and having a refractive index 
(n2) that is gradually decreased over its radius (a2); and, the inner clad 
comprises: a first inner clad surrounding the second core and having a 
refractive index (n3) that is uniform over its radius (a3) and a second 
inner clad surrounding the first inner clad and having a refractive index 

2(1 (n4) that is uniform over its radius (a4); and, wherein a maximum 
refractive index of the second core is larger than a minimum refractive 
index of the first core, and the refractive indices of the second core, the 
first and second inner clads and the silica clad satisfy a relationship of 
n2>n3>n4>n,i,i,„. 

25 

According to another aspect, the present invention provides 
optical fiber that accomplishes both large effective area and decreased 
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bending loss by adjusting radii and refractive indices of two inner 
clads. 

Based on the above structure, the present invention can provide 
the dispersion-shifted optical fiber having triple clad which is suitable 
for the use in the wavelength division multiplexing communication 
system; the optical fiber according to the present invention can 
suppress the non-linear effects by having the low dispersion and the 
effective area of 60Ltm^ or more at the wavelength of 1550 nm. In 
addition, the optical fiber according to the present invention can 
accomplish increased effective area and decreased bending loss at the 
same time. 

In addition, the present invention provides the optical fiber that 
can be easilx fabricated through simplified fabrication process because 
of the simple refractive index profile. 

Brief Descrintion of Drawings 

Figure 1 is a cross sectional view of the optical fiber according to 
one example of the present invention. 

Figure 2 shows a design of the optical fiber according to one 
example of the present invention, whose first core has a uniform 
refractive index o\er its radius. 



6 
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Figure 3 shows a design of the optical fiber according to one 
example of the present invention, whose first core has an increased 
refractive index over its radius. 

5 Figure 4 is a graph representing the bending loss depending on 

a3/a4 and del2(%>de]3(%) according to one example of the present 
invention. 

Figure 5 is a graph representing the dispersion at the wavelength 
10 of 1550 nm depending on a3/a4 and del2(%)-del3(%) accordmg to one 
example of the present invention. 

Figure 6 is a graph representing the MAC value depending on 
a3/a4 and del2(%>del3(%) according to one example of the present 
15 invention. 

Figure 7 is a graph representing a cutoff wavelength depending 
on a3/a4 and del2(%)-del3(%) according to one example of the present 
invention. 

20 

Figure 8 is a graph representing a mode field diameter at the 
wavelength of 1550 nm depending on a3/a4 and del2(%>del3(%) 
according to one example of the present invention. 

15 Figure 9 is a graph representing an effective area at the 

vva\elength of 1550 nm depending on a3/a4 and del2(%>deI3(%) 
according to one example of the present invention. 

7 
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Best Mode for Carmng out the Invention 

Hereinbelow, the preferred embodiments of the present invention 
are explamed referrmg to the attached drawings. 

Fig. 1 shows a cross sectional view of the optical fiber of one 
example according to the present invention and Fig. 2 shows a design 
of the optica] fiber according to the present invention whose first core 
has a uniform refractive index over its radius. Fig. 3 shows a design of 
the optical fiber according to the present invention whose first core has 
a gradually increased refractive index over its radius. 



First, as shown in Figs. 1 and 2, the optical fiber according to the 
present invention includes a core (20) whose refi-active index is ncore 
15 and an inner clad (30) which surrounds the core (20) and has a 
refractive index (n^ad) smaller than that (ncore) of the core (20). 

The core (20) is divided into a first core (22) which is disposed 
in the most inner portion of the optical fiber and a second core (24) that 

(> suiTounds the first core (22). The first core (22) has a refi-active index 
which IS either uniform or gradually increasing over its radius from the 
center axis of the opfical fiber to a first outer boundary (60) where the 
first core (22) is disposed adjacent and around the second core (24). If 
the refractive index (nl) of the first core (22) is increased over its 

^ radius, rt has an initial value (nO) and is gradually increased over the 
radius beginning from the initial value (nO). 
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On the other hand, the second core (24) has a refractive index 
that decreases from tlie first outer boundary (60) to a second outer 
boundary (61) where the second core (24) is disposed adjacent and 
around the inner clad (30). Thus, the core (20) has a polygonal 
5 refractive index profile. 

The inner clad (30) that surrounds the core (20) consists of the 
first inner clad (32) and the second inner clad (34). The first inner clad 
(32) has a uniform refractive index (n3) from the second outer 

10 boundary surface (61) to a third outer boundary surface (62) where the 
first inner clad (32) is disposed adjacent and around the second inner 
clad (34). The second inner clad (34) surrounds the first inner clad (32) 
and has a uniform refractive index (n4) that is smaller than that of the 
first inner clad (32). Thus, the inner clad (30) has a step refractive 

15 index profile. 

A silica clad (40) surrounds the inner clad (30) having the first 
inner clad (32) and the second inner clad (34). The silica clad (40) has 
a refractive index {n^n,c») which is smaller than that (n4) of the second 
21) inner clad (34). 

The above-mentioned refractive indices (nl, n2, n3 and n4) of 
the first core, the second core, the first inner clad and the second inner 
clad are a function of their radius (al, a2, a3 and a4), respectively. 
25 Also, the refractive indices (nl , n2, n3 and n4) substantially satisfy the 
relationship of n]>n2>n3>n4. In case that the refractive index (nl) of 
the first core is giadually increased over its radius (al), however, a 

9 
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maximum refractiA e index of the second core may be larger than a 
minimum refractive index of the first core. 

In Fig. 1, reference numeral (50) indicates a coating for 
protecting the inner part of the optical fiber, compensatmg for strength, 
easy handhng, etc. 



10 
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As mentioned above, the optical fiber according to the present 
invention mcludes the core (20) and the inner clad (30) surrounding the 
core (20). Tlie core (20) and the inner clad (30), respectively, have two 
divided ponions that have different radii and refractive indices from 
each other. In other words, the core (20) is divided into the first core 
(22) having a radius, al, the index nl and the second core (24) having a 
radius a2, the index n2. The inner clad (30) is divided into the first 
inner clad (32) having a radius, aS, the index n3 and the second inner 
clad (34) ha\ ing a radius, a4, index n4. In sum, the optical fiber (10) 
includes four portions that have significant influence on the 
transmission characteristics of the optical fiber and that have the 
relationship among the radii, al<a2<a3<a4. 



Among the above four portions, the first and second cores (22, 
24) of the optical fiber relate to the control of the dispersion 
characteristics of the optical fiber, whereas the first and second inner 
clads (32, 34 ) relate to the control of the effective area and the bending 
25 loss. Thus, it is possible to control the dispersion characteristics of the 
optical fiber by adjusting the refractive indices and the radii of the first 
and second cores (22, 24). It is also possible to control the optical 
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characteristics of the optical fiber, such as the effective area and the 
bending loss, by adjusting the design characteristics (i.e., the radii and 
the indices) of the first and second clads (32, 34). 

5 Based on Examples 1 and 2 herein below, the control of the 

design characteristics of the first and second cores (22, 24) and the first 
and second inner clads (32, 34), and the changes in the effective area 
and the bending loss from such control are described in detail. 

10 Example 1 

The Example 1 corresponds to the optical fiber design as shown 
in Fig. 2. In the present example, the first core (22) has the refractive 
index (nl ) that is uniform over its radius (al) as shown in Fig. 2. 

15 

In the present example, the inventors of the present invention are 
intended to implement the optical fiber, which has the dispersion of 
1.5-3.5 ps/nm-km at the wavelength of 1550 nm, the effective area of 
60-70pm\ and the 32mm(p bending loss of 0.02dB or less from the 
>(> optical fiber design as shown in the Fig. 2. The inventors performed a 
number of simulations by using a numerical method known in the 
optical fiber design field. 

During the simulations, the inventors of the present invention set 
5 the ranges of the radii (al , a2) of the first and second cores (22, 24) as 
1 .0± 0. 1 5um and 2.3±0.1 5pm, respectiveh". Also, the inventors set the 
range of index differences of the first core (22), den(%) as 

1 1 
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0.73±0.03%. Herein, the deri(%) is defined and calculated from the 
formula, dell(%) = [(nl - n,,Hc.)/nsiiicJx]00. 

Meanwhile, for the first" and second clads (32, 34), the inventors 
set the ranges of their radii (a3, a4) as 6.5±].5|.im and 9.0+1. O^m, 
respectively, and set the ranges of the index differences del2(%) and 
del3(%) as 0.1 l±0.03%and 0.07±0.03%, respectively. Herein, the 
inde.x differences del2(%) and del3(%) are defined and calculated trom 
the formulas, del2(%) = [(n2 - nsn.a.yns.iica]xlOO and del3(%) = [(n3 - 
nsiii«,)/nsiiica]xlOO. As tlie result of the simulation, the inventors found 
that when the first and second cores (22, 24) and the first and second 
clads (32, 34) were designed to have the values within the above 
ranges, the resultant optical fiber had the optical characteristics which 
the inventors intended to achieve. 

More preferably, the inventors of the present invention set the 
radii (al, a2, a3 and a4) of the first and second cores (22, 24) and the 
first and second inner clads (32, 34) as fixed values, i.e., 1 .O^m, 2.3^m, 
6.5f.im and 9.0^m, respectively. In addition, the inventors set the index 
differences, dell(%), del2(%) and del3(%) as fixed values, 0.73%, 
0.1 1% and 0.07%. These fixed values correspond to the center values 
of the ranges as mentioned above. The inventors found that the optical 
fiber design having the above fixed values made it possible to 
implement the optical fiber having the most desirable optical 
characteristics. Namely, if the optical fiber were designed and 
fabricated with the above values, the resultant optical fiber has the 
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dispersion of 3.3 ps/nm-km, the effective area of 69^m^, and the 
32mm(p bending loss of 0.01 dB or less. 

The optica] fiber according to the present example can 
sufficiently suppress the non-linear effects including the four wave 
mixing when it is used for the wavelength division multiplexmg optical 
communication s^'stem. 

Example 2 

The present example corresponds to the optical fiber design as 
shown in Fig. 3. Ln the present example, tlie refractive index (nl) of 
the first core (22) is gradually increased from the initial value (nO) over 
its radius (al) as shown in the Fig. 3. Unlike the Example 1, the 
present example is designed taking a center dip that occurs during 
MCVD (modified chemical vapor deposition) process into 
consideration. 

hi tlie present example, the inventors of the present invention 
intended to implement the optical fiber, which has the dispersion of 
2.5-3.5 ps/nm-km at the wavelength of 1550 nm, the effective area of 
60-65nm-, and the 32mm(p bending loss of 0.02dB or less. The 
inventors performed a number of simulations by using the numerical 
method known in the optical fiber design field. 

During the simulations, the inventors of the present invention set 
the ranges of the radii (al, a2) of the first and second cores (22, 24) as 
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0.85± 0.15MITI and 2.7±0.1 5}.ii-n, respectively. Also, the inventors set 
the ranges of index differences of the first core (22), delO(%) and 
de]](%) as 0.70±0.03% and 0.75±0.03%. 

5 Meanwhile, for the first and second clads (32, 34), the inventors 

set the ranges of their radii (a3, a4) as 7.0±1.5f.im and 9.0±1.0^im, 
respectively, and set the ranges of the index differences, del2(%) and 
del3(%) as 0.75±0.03% and 0.]0±0.02%, respectively. Herein, the 
delO(%) is defined and calculated from the formula, delO(%) = [(nO - 

I" nsiiici.)/nsiiiai]xIOO and other index differences dell(%), del2(%) and 
del3(%) are defined and calculated from the formulas as described in 
the Example 1 . As the result of the simulation, the inventors found that 
when the first and second cores (22, 24) and the first and second clads 
(32, 34) were designed to have the values within the above ranges, the 

15 resultant optical fiber had the optical characteristics which the 
inventors intended to achieve. 

More preferably, the inventors of the present invention set the 
radii (al. a2, a3 and a4) of the first and second cores (22, 24), and the 
2(. first and second inner clads (32, 34) as fixed values, i.e., O.SS^m, 
2.7f.mi, 7.0Lii-n and 9.0Mm, respectively,. In addition, the inventors set 
the index differences, delO(%), del](%), del2(%) and del3(%) as fixed 
. values, 0.70%, 0.75%, 0.10% and 0.06%. These fixed values 
con espond to the center values of the ranges as mentioned above. The 
25 inventors found that the optical fiber design having the above fixed 
values made it possible to implement the optical fiber having the most 

14 
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desirable optical characteristics. If the optical fiber were designed and 
fabricated with the above values, the resultant optical fiber has the 
following optical characteristics: the dispersion of 3.0 ps/nm-km, the 
effective area of 60nm^, the cutoff wavelength of 1430 nm and the 
5 32mm(p bending loss of 0.01 dB or less. 

Like the Example 1, the optical fiber according to the present 
example can suppress the non-linear effects including the four wave 
mixing when it is used for the wavelength division multiplexing optical 
10 cominunication system. Furthermore, the optical fiber according to the 
present example can prevent the optical characteristics of the resultant 
optical fiber from changing due to the center dip which happens to 
occur during the MCVD process. 

15 Hereinafter, an influence that tlie radii (aS, a4) and the index 

differences del2(%), del3(%) of the first and second inner clads (32, 
34) have on the entire opfical characteristics of the optical fiber when 
the optical fiber is designed according to the above Example 1 will be 
explained. The radii and the index difference of the first and second 

(> cores (22, 24) are set to have the center values of the ranges, which are 
described in the Example 1, in order to clearly find the influence of the 
first and second inner clads (32, 34) on the optical characteristics of the 
optical fiber. The design characteristics of the first and second cores 
(22, 24) results in the optical fiber having the dispersion of 1.5-3.5 

5 ps nm-km at the wavelength of 1550 nm. Subsequently, the design 
characteristics of the first and second inner clads (32, 34) are made to 
change within the ranges described in the Example 1 . 

15 
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Specifically, Figs. 4 to 9 show changes in the bending loss, 
dispersion, MAC value, cutoff wavelength, mode field diameter and 
effective area, respectively, when the radii of the first and second cores 
(22, 24) are LOjimi and 2.3^111 and the index difference den(%) is 
3 0.73%. Figs. 4 and 5 are graphs showing the bending loss change and 
the dispersion change at the wavelength of 1550 nm depending on the 
a3/a4 and del2(%)-del3(%) m the optical fiber which are designed 
according to the Example 1 . Figs. 6 and 7 are graphs showing the 
MAC value change and the cutoff wavelength change at the 

n> wavelength of 1550 nm depending on the a3/a4 and del2(%)-del3(%) 
in the optical fiber which are designed according to the Example 1 . 
Fig. 8 shows the mode field diameter change at the wavelength of 1 550 
nm and Fig. 9 shows the effective area change at the wavelength of 
1550 nm in the optical fiber which are designed according to the 

15 Example 1 . 

In Figs. 4 and 5, it is found that the bending loss and the 
dispersion changes are significantly small when a3/a4 is equal to or 
larger than 0.5. Also, as shown in Figs. 7 and 9, the changes of the 

><> cutoff wavelength and the effective area are relatively increased when 
the a3/a4 is equal to or larger than 0.5. In conclusion. Figs. 4 to 9 
indicate that the effective area is increased but the bending loss is not 
increased anymore as the a3/a4 is increased. This result is contrary to 
the general principle that the increased effective area results in the 

5 increased bending loss. The result is explained based on Figs. 6 to 8. 
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Fig. 6 shows the change of MAC value, which is to divide the 
mode field diameter by cutoff wavelength. The MAC value is an mdex 
used in indirectly representing the bending loss and, typically, since the 
MAC value is decreased as the bending loss is decreased, it is possible 
for the MAC value to represent the degiee of the bending loss. Fig. 6 
shows that the MAC value is decreased as the a3/a4 is increased and 
this is consistent with the Fig. 4 showing that the bendmg loss is 
decreased as the a3/a4 is increased. Thus, when the a3/a4 is large, the 
effective area is also large, whereas the bending loss is small. The 
reason why the MAC value is decreased as the a3/a4 is increased is that 
the mode field diameter changes much more than the cutoff wavelength 
does. Such effects are shown in Figs. 7 and 8. 

Thus, when the a3/a4 lies in the range of 0.5 to 0.8 and the 
del2(%)-del3(%) lies in the range of 0.04% to 0.06%, the optical fiber 
according to the present invention can have a large effective area of 60- 
70^im^ the bending loss of 0.01 5dB or less and the dispersion of 2- 
4ps/nm-km at the wavelength of 1550 nm which makes it possible to 
suppress tlie non-linear effects. 

It is described that the optical fiber according to the present 
invention consists of two cores and dads but the present invention is 
not limited to such descriptions. Taking the fabrication of the optical 
fiber and the control of the optical characteristics into consideration, it 
is easily understood for the skilled person in the art that the optical 
fiber according to the present invention may include either one core or 
three or more cores. 

17 
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Industrial Anplicabilitv 

As It can be understood from the above descriptions, the present 
invention is related to an optical fiber which is suitable for long 
distance and broad band signal transmission system. The optical fiber 
according to the present invention includes a core corresponding to a 
center portion of the optical fiber; an inner clad surrounding the core; 
and a silica clad surrounding the inner clad. The core consists of a first 
core having a predetermined refractive index and a second core having 
a refractive index smaller than that of the first core The inner clad 
consists of a first clad having a refractive index smaller than that of the 
second core and a second clad having a refractive index smaller than 
that of the first inner clad. The silica clad has a refractive index 
smaller than that of the second inner clad and surrounds the second 
inner clad. 

Based on the above structure, the present invention can provide 
an excellent optical fiber whose effective area is large but bending loss 
is small. Also, the optical fiber according the present invention has a 
simple refractix e index profile and so can be easily fabricated. 

Variou.s other modifications will be apparent to and can be 
readily made by those skilled in the art without departing from the 
scope and the spirit of the present invention. Accordingly, it is not 
intended that the scope of the claims appended hereto be limited to the 
description a.^ set forth herein, but rather that the claims be broadly 
construed. 
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WHAT IS CLAIMED IS: 

1 . A dispersion shifted optical fiber having triple dad, comprising: 
a pol\ gonal core having a predetermined refractive index (ncore); 
-'^ an inner clad surrounding the core and having a refractive index 

(nckd) which is smaller than that of the core (ncorc), and, 

a silica clad surrounding the inner clad and having a refractive 
index (nsihca); 

wherein the core comprises: 

a first core having a refractive index (n.l ) that is uniform 
over Its radius (al); and 

a second core surrounding the first core and having a 
refractive index that is gradually decreased over its radius 
(a2); and, 
i-^ the inner clad comprises; 

a first inner clad surrounding the second core and having a 
refractive index (n3) that is uniform over its radius (a3); and 

a second inner clad surroundmg the first inner clad and 
having a refractive index (n4) that is uniform over its radius 
20 (a4); and, 

wherein the refractive indices of the first and second cores, the 
first and second clads and the silica clad satisfy a relationship of 
nl>n2>n3>n4>nsiiica. 

25 2. A dispersion shifted optical fiber having triple clad, comprising: 
a po]> gonal core having a predetermined refractive index (Ucore); 
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an inner clad surrounding the core and having a refractive index 
(nciuii) which is smaller than that of the'core (ncore); and, 

a silica clad surrounding the inner clad and having a refractive 
index (n.,iiica); 
5 wherein tlie core comprises: 

a first core havmg a predetermined refractive index (nl) 
that is gradually increased from an initial refractive index (nO) 
over its radius (al ); and 

a second core surrounding the first core and having a 
10 refractive index that is gradually decreased over its radius (a2); 

and, 

the inner clad comprises: 

a first inner clad surrounding the second core and having a 
refractive index (n3) that is uniform over its radius (a3); and 
1-^ a second inner clad surrounding the first inner clad and 

having a refractive index (n4) that is uniform over its radius 
(a4); and, 

wherein a maximum refractive index of the second core is larger 
than a minimum refractive index of the first core and the refractive 
20 indices of the second core, the first and second inner clads and the 
silica clad have a relationship of n2>n3>n4>n.sii,ca 

3. The optical fiber as claimed in Claims 1 or 2, wherein the 
refractive index (n2) of the second core is linearly decreased over its 
25 radius (a2). 
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4. The optical fiber as claimed in Claim 1, wherein the optical fiber 
has dispersion of the 1 .5 -3.5 ps/nm-km at the wavelength of ] 550 nm, 
the effective area of 60~-70Mm- and the 32mm(p bendmg loss of 0.02dB 
or less. 

5. The optical fiber as claimed m Claim 4, wherein a radius of the 
first core (al ), a radius of the second core (a2), a radius of the first 
inner clad (a3) and a radius of the second inner clad (a4) are 
1.0±0.15f.mi, 2.3+0. 15,mn 6.5±1.5/.uti and 9.0±1.0|.nn, respectively; and 
refractive index differences den(%X del2(%) and del3(%) are 
0.73+0.03%, 0.1 1±0.03% and 0.07±0.03%, respectively, 

provided that dell (%) is calculated from the formula (1) below; 
del2 (%) is calculated from the formula (2) below; and, del3 (%) is 
calculated from the formula (3) below; 



J 5 del 1 (%) = [(n 1 -n..i,i,,)/n,i,ic.] x 1 00 

del2(%) = [(n2-nsi,.«,)/nsn,cu] x 100 
del3(%) = f(n3-n,„.u.)/nsiiic.] x 100 



20 



0) 

(2) 
(3) 



6. The optical fiber as claimed in Claim 5, wherein a ratio of a 
radius of the first inner clad (a3} to a radius of the second inner clad 
(a4) ranges from 0.5 to 0.8. 

7. The optical fiber as claimed in Claim 5, the index difference 
del2(%) minus the index difference del3(%) ranges from 0.04% to 
0.06%. 
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8. The optical fiber as claimed in Claim 2, wherein the optical fiber 
has the dispersion of 1.5 ^3.5 ps/nm-km at the wavelength of 1550 nm, 
the effective area of 60-70Mm^ and the 32mm(p bending loss of 0.02dB 
or less. 

9. The optical fiber as claimed in Claim 8, wherein a radius of the 
first core (al), a radius of the second core (a2), a radius of the first 
inner clad (a3) and a radius of the second inner clad (a4) are 
0.85±0.]5um, 2.7±0.15^m, 7.0±1.5Mm and 9.0±1.0^m, respectively; 

0 and refractive mdex differences delO(%), del](%), deI2(%) and 
del3(%) are 0.70±0.03%, 0.75±0.03%, 0.10±0.02% and 0.06±0.03%, 
respectively, 

provided that delO (%) is calculated from the formula (1) below; 
dell (%) is calculated from the formula (2) below; del2 (%) is 
calculated from the formula (3) below; and, del3 (%) is calculated from 
the formula (4) below; 

delO(%) = [(nO-n.,i,ica)/n,i,icJ x 1 00; (1 ) 

dell(°.o) = [(n]-n,i,i,,)/n,i,i,„] x 100; (2) 

del2(%) = [(n2-nsi,i,„yns.iica] x ] 00; (3) 

dei3(°'o) = [(n3-nsi]ic.)/nsiiica] x 100; (4) 

1 0. The optical fiber as claimed in Claim 1 , wherein the optical fiber 
has dispersion of the 1 .0-6.0 ps/nm-km at the wavelength o.f 1550 nm, 
the dispersion slope of 0.06ps/ni-n^-km, the effective area of 50 lum^ or 
more and the 32mm(p bending loss of 0.01 dB or less at 1550 nm and 
1620 nm \va\ elengths. 

22 



00364A4A1_I. > 



wo 00/36444 



PCT/KR99/00766 



1 1 The optical fiber as claimed in Claim 10, wherein a radius of the 
first core (al), a radius of the second core (a2), a radius of the first 
inner clad (a3) and a radius of the second inner clad (a4) are 

5 ].0±0.15nm, 2.5±0.15^m, 3.5±1.5f.im and 6.0±1.0|.im, respectively; 
and refractive index differences dell(%), del2(%) and del3(%) are 
0.75±0.03%, 0.]5±0.02% and 0.10±0.03%, respectively, 

provided that dell (%) is calculated from the formula (1) below; 
del2 (%) is calculated from the formula (2) below; de]3 (%) is 

10 calculated from the formula (3) below. 



de]l(%)= [(nl-nsiiica)/nsiiic«] x 100; 
de]2(%) = [(n2-nsi„ca)/nsiiica] x 100; 
del3(%)= [(n3-nsi,ica)/ns„ica] x 100; 



(1) 

(2) 

(3) 
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FIG. 1 
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FIG. 2 
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FIG. 3 
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FIG. 4 
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